This paper aims to propose a two-step approach for day-ahead hourly scheduling in a distribution system operation, which contains two operation costs, the operation cost at substation level and feeder level. In the first step, the objective is to minimize the electric power purchase from the day-ahead market with the stochastic optimization. The historical data of dayahead hourly electric power consumption is used to provide the forecast results with the forecasting error, which is presented by a chance constraint and formulated into a deterministic form by Gaussian mixture model (GMM). In the second step, the objective is to minimize the system loss. Considering the nonconvexity of the three-phase balanced AC optimal power flow problem in distribution systems, the second-order cone program (SOCP) is used to relax the problem. Then, a distributed optimization approach is built based on the alternating direction method of multiplier (ADMM). The results shows that the validity and effectiveness method.
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Total cost of the two steps. f 1 Operation cost at the substation level. f 2 System loss at feeder levels. β
The system loss weight. c DA , c RT , c P V The unit price of the day-ahead market, realtime market and renewable generation. c s
The price to resell the redundant power generated to the electric market.
The electric power obtained from the dayahead market. G RT The RT power consuming. G R The renewable generation. λ t An occurrence probability helps to decide if the systems needs to buy the electric power at time t. G DL t The demand load at period t. P ij
The loss of branch lines from bus i to j. z ij The impedance from bus i to j. G err Forecasting error model of the renewable energy.
The voltage at bus i. n
The amount of the clusters in the model, n = 1, · · · , N . ǫ
The weight of each cluster in GMM.
x x = [x 1 , x 2 , · · · , x q ] T is the q-dimensional data vector.
The parent node and the children nodes at node i, i ∈ N B . p i , q i Active and reactive power at bus i.
The voltage and the current.
The forecasted renewable generation.
I. BACKGROUND AND MOTIVATION
In general power system operation, the day-ahead hourly scheduling [1] supplies the customers playing a more active role. They can be provided more benefits, such as lower system operation cost, advanced system reliability, and lower volatility in hourly [2] . The high penetration of the renewable energy [3] can lead to a lower net load power consumption from the bulk power system, however, it brings increasingly stochastic deviations in net load profiles [4] . Compared with the transmission systems, the distribution systems often work in an unbalanced polyphase state because of the asynchrony, asymmetry and the diversity of the load, which brings bigger challenge for the distribution system operation. In this paper, a stochastic optimization based two-step approach for dayahead scheduling is proposed to minimize the distribution system operation cost, which consists of the cost of net load consumption and the system loss.
At the substation level, the high penetration of the renewable energy can reduce the electric power [5] purchasing from the day-ahead market for the distribution systems [6] . In [7] - [9] , the stochastic programming optimization (SPO) can provide many potential benefits to the transmission systems. With the renewable energies, this paper focuses on minimizing the electric power purchasing from the day-ahead market at the substation level in the first step. The historical data of the day-ahead electric power purchasing is used to generate the forecast results and the forecasting errors, which can be formulated as a chance constraint for the SPO in distribution systems. According to the distribution of the forecasting errors, the chance constraint can be formulated into a deterministic form by Gaussian Mixture Model (GMM) [10] , and the global minimum of the convex problem can be determined.
In [2] ,the variability of the renewable energy [11] is managed by hourly demand response in day-ahead scheduling, without considering the stochastic net load deviation in an hour, which dramatically impacts the operation cost of system loss. However, the single line model is used compute the system loss, which ignores the three-phase balanced configuration in distribution systems. In the second step, this paper focuses on minimizing the cost of the system loss at the feeder level with the three-phase balanced model. The characteristic of the nonconvexity is a critical problem for the three-phase balanced AC optimal power flow. The heuristic methods are always applied to solve the problem, but which are hardly avoided falling into the local minimums [12] . Based on the alternating direction methods of multipliers (ADMM), a distributed method is provided to solve the AC optimal power flow problem.
This paper is organized as follows: the proposed approach is described in Section II. In Section III, the operation cost in substation level is analyzed. In Section IV, the operation cost in feeder level is analyzed. In Section V, the numerical results are presented in IEEE standard distribution systems. The conclusion is Section VI.
II. ARCHITECTURE AND SUMMARY OF THE PROPOSED APPROACH
In Fig. 1 , the proposed method consists two steps, the stochastic optimization of the electric power purchased from the day-ahead market [13] at the substation level and the system loss optimization for the three-phase balanced AC optimal power flow [14] , [15] at the feeder level [16] . Fig. 1 shows the first step at the left, the historical data of the electric power purchased from the day-ahead market is employed to generate the forecast results and the distribution of the forecast errors. Then, combined with the day-ahead hourly scheduling model, an objective formulation is simulated with an chance constraint. A GMM based approach is used to convert the chance constraint into a deterministic problem. Finally, the day-ahead hourly optimal operation cost can be obtained at the first step.
In the rest side of Fig. 1 , a three-phase balanced AC optimal power flow is simulated to compute the distribution system at the feeder level. After the day-ahead hourly purchased electric power is determined, the three-phase balanced distribution system model is built to minimum the system loss. Considering the nonconvexity of the AC optimal power flow, an inequality constraint is built based on SOCP to relax the problem into a convex problem. After that, the objective function of system loss can be derived with ADMM. Finally, the three-phase balanced AC optimal power flow is used to minimize the system loss successfully.
III. OPERATION COST AT THE SUBSTATION LEVEL
The total cost is calculated as (1) , the sum of the operation cost at the substation level and feeder level:
where C is the total cost, f 1 is the purchased electric power from the day-ahead market, which equals to the operation cost at the substation level, f 2 is the system loss of the distribution system, which equals to the operation cost at feeder level. β is used to limit the system loss weight in the optimization.The consymption of the load cost model at the substation level is simulated as:
where the time intervals is defined as t = 1, 2, , N T . c DA , c RT and c P V describe the unit price in the day-ahead, real-time market and solar generation, respectively. c s is the established price to sell the redundant power generated by distribution systems to the electric market, G DA and G RT are the electric power amount purchased from the day-ahead and real time market, G P V is the amount of the solar power generation in the distribution systems. λ t is an occurrence probability which decides if the distribution systems needs to buy the electric from real-time market at time t.
is the basecase generation cost consists of the time-dependent power consumption by day-ahead scheduling and the renewable energy generation cost. λ t · c RT t G RT t presents the deviation power purchased from real-time market for compensation. And
means the redundant energy can be resold to the market in a lower price.
Several months of hourly power forecasting data in dayahead scheduling and actual net load power consumption are used to provide the forecast results [4] , [17] , [18] . The available hourly forecasting power in day-ahead market G DA (N T + 1) can be now described as following (G err is the day-ahead forecasting error) [19] :
Subject to:
where (4g) indicates that day-ahead forecasting error [20] should be fulfilled with the probability α, and the chanceconstraint [21] can be converted in a deterministic formulation with the GMM. 
A. GMM with Expectation Maximization.
Comparing with the regular GMM, a definition of expectation maximization EM based GMM is described. It is used to model the forecasting error model of the renewable generation. We have known that GMM is a particular form of the finite mixture model. For (5) , more than one components is calculated as the sum with different weights (ǫ):
ǫ in (5) is calculated in [22] and has been described to be non-negative, that the sum equals to 1. Each component in the GMM model is a normal distribution and obeys to θ n = (µ, Σ), which indicates the means vector and the covariance.
According to [23] , the parameters of the mixture model is computed with expectation maximization (EM), the expectation-step (called E-step) and maximization-step (called M-step) are described as below.
1) E-Step: The algorithm is ended when the function in (6) reaches the convergence.
Where L(θ; x) = p(x|θ). x is a set of the observed data from the given statistic model and the θ is unknown parameters along with the likelihood function in (6) .
2) M-Step:
In M-step, the parameters are recalculated and estimated to maximize the quantity of the expectation in (7) .
The EM based GMM can decide the amount of clusters based on minimum description length (MDL) [24] , [25] . The MDL criterion is frequently used on the field of selection in [26] , because of the improved method is less sensitive to the initialization.
IV. OPERATION COST AT THE FEEDER LEVEL
When the substation level cost is determined, the objective function of the three-phase balanced AC optimal power flow is to minimum the system loss. As we know, the influence of the three-phase distribution system is small enough, the second order cone programming (SOCP) is used to calculate the system loss here [27] . which can be defined as follows [28] , [29] :
where P ij is a branch loss from bus i to j, and P ij = |I ij | 2 r ij , I ij is the complex current from bus i to j, and z ij is the complex impedance z ij = r ij + ix ij . E is the branch set of the distribution system, which can be represented with the set of buses and branches: G = [V, E]. 
where S ij indicate the complex power flow S ij = P ij + iQ ij , l ij := |I ij | 2 , and v i := |V i | 2 . The basic physical constraints can be defined as follows:
The standard optimization problem of ADMM is defined as follows:
Then, a dual problem is build based on the objective function (8) 
A. The test bench
As shown in Fig. 2(a) , the IEEE 123-bus distribution system contains 118 basic branches, 85 unbalanced loads, 4 capacitors, and 11 three phase switches (6 initially closed and 5 initially opened), which is the topology taken in the preliminary results. The simulation platform is based on a computer server with a Xeon processor and 32 GB ram. The programming language are Python and Matlab.
B. The performance of the proposed approach
It is assumed that the renewable energy resources are located in bus 7, 23, 29, 35, 47, 49, 65, 76, 83, and 99 [30] . The result of the three-phase balanced AC optimal power flow is shown in Fit. 2(b). The errors of the primal residual and the dual residual are less than 0.5 × 10 −3 after 5 iterations. After 30 iterations (less than 0.2 second), the curves of primal residual and the dual residual are coinciding and stable, which demonstrates the high speed and effectiveness of the convergency of the proposed approach.
In Fig. 3 , the comparison is made with different α in (4g) during 24 hours. The results shows that the total operation cost of the system is higher with a lower α, which indicates that a higher accuracy of error forecasting model can help to save more money.
C. Performance comparison
As in Table I , the different algorithms are used on different individual power systems (IEEE trans 13, -34 and -123 Bus ). The proposed approach obtains a shortest time consuming on all of the three power systems, which demonstrates our method can work more efficiently than others.
VI. CONCLUSION
In this paper, a stochastic optimization based approach is proposed for the chance-constrained day-ahead hourly scheduling problem in distribution system operation. The operation cost is divided into two parts, the operation cost at substation level and feeder level. In the operation cost at substation level, the proposed approach minimizes the electric power purchase from the day-ahead market with a stochastic optimization. In the operation cost at feeder level, the system loss is presented with the three-phase balanced AC optimal power flow [31] . In our work, the detailed flowchart and the description of the stochastic optimization with the forecasting errors is improved, which helps to describe our approach detailedly. And the detailed description of the derivation from the chance constraint into the deterministic form with GMM is provided. The SOCP relaxation is used to solve the problem with three-phase balanced distribution system.
In the future, we will focus on improving an advanced approach to develop the distribution system optimization based on an three-phased unbalanced system [32] - [35] .
